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Summary  
In the modernization process of Urochloa breeding program of the Bioversity-CIAT alliance, 
novelty techniques have been implemented to accelerate genetic gain. Some of these techniques 
include i) field and greenhouse high-throughput phenotyping technologies to increase traits 
evaluated and their accuracy, ii) molecular markers to use in mass-assisted selection, and iii) 
flowering induction through prolonged photoperiods to accelerate the developmental rate of plants 
and flowering index. A novelty technique developed in other crops, called genomic selection, uses 
both molecular and phenotypic data in an initial population to estimated breeding values of each 
genotype in a new population that has been genotyped but not phenotyped. In 2020, the apomictic 
population Br19 was phenotyped. To complement phenotypic information with genotypic 
information and estimate breeding values of each Br19 hybrids and to take the first steps to 
implement genomic selection, during 2020 all Br19 genotypes were sampled and sent for whole 
genome sequencing. This report shows the protocol followed for collection, lyophilization and 
maceration of Br19 genotypes. 
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Resumen 
En el proceso de modernización del programa de mejoramiento genético de Urochloa de la alianza 
Bioversity-CIAT se han implementado novedosas técnicas con el fin de acelerar la ganancia 
genetica. Algunas de estas técnicas comprenden i) la fenotipificacion de alto rendimiento en canpo 
he invernadero con el fin de incrementar el numero de caracteres evaluados y su precisión; ii) 
implementación de marcadores moleculares para usar in selección masal asistida y iii) validación 
de técnicas inducción de floración prolongando el fotoperiodo para acelerar el desarrollo de las 
plantas e incrementar los índices de floracion. Una novedosa técnica desarrollada en otros cultivos, 
llamada selección genómica, permite utlizar datos genotipicos y fenotipicos en una población 
inicial para estimar el valor genético de  cada individuo en una nueva población que ha sido 
genotipada pero no fenotipada. En 2020, se fenotipifico la poblacion apomictica Br19. Con el 
objetivo de complementar la informacion fenotipica con informacion genotipica y estimar valores 
geneticos de cada hibrido Br19 para dar los primeros pasos en la implementación de selección 
genómica, durante 2020 se colecto material vegetal de todos los genotipos Br19 y fueron enviados 
para secuenciación genómica. Se presenta el protocolo seguido para la colecta, liofilizacion y 
triturado de los materiales.  
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Introduction 
Urochloa interespecific breeding program started at CIAT ending the 80s combining desirable 
attributes from Urochloa species such signalgrass (U. decumbens), palisadegrass (U. brizantha), 
and ruzigras (U. ruzisiensis) which provides tolerance to acid soils, resistance to spittlebug 
complex (Hemiptera: Cercopidae) and high nutritional value respectively (Miles et al. 2006). 
Selected breeding method is known as Recurrent Selection based on specific combining ability 
(Miles et al. 2006), which has allowed the selection of superior hybrids based on morphological 
traits. In recent years the program has been in modernization process incorporating new 
technologies that allow increasing genetic gain. We are implementing i) field and greenhouse high-
throughput phenotyping technologies to increase traits evaluated and their accuracy, ii) molecular 
markers to use in mass assisted selection, and iii) flowering induction through prolonged 
photoperiods to accelerate the developmental rate of plants.  
Another important molecular technique used to increase rapidly the genetic gain is known as 
genomic selection. The aim of this technique is to predict breeding and genetic values of the 
candidates for selection using all molecular markers for genotypic prediction (Crossa et al. 2017). 
Genetic selection uses both molecular and phenotypic data in an initial population to estimated 
breeding values of each genotype in a new population that has been genotyped but not phenotyped 
(Crossa et al. 2017; Meuwissen et al. 2001). 
In 2019, a new cohort of interspecific hybrids was obtained and named Br19. This cohort was 
composed of 7039 hybrids and correspond to the 11th recurrent selection cycle. Of these 7039, 
3507 hybrids showed apomictic reproduction mode (identified through the molecular marker 
p779/p780; Worthington, 2016). In 2020 was evaluated the Br19 apomictic hybrid population in a 
multienvoromental trial in which was measured morphological traits such growth habit, biomass, 
plant height, and plant cover (Hernandez et al. 2020). With the aim to complement the phenotypic 
information captured with genotypic data to estimated breeding values of each Br19 hybrid and 
take the first steps to implement genomic selection in our program, during 2020 was sampled all 
apomictic Br19 and shipped for whole-genome sequencing. 
Protocol  
Plant tissue collection 
To sampled plant tissue, we follow the standardized protocol developed by CIAT's genetic 
resources (INS-DNA-3-ES-v.20191015). With the information of genotypes to collect was made 
a list in Excel (Figure 1a); labels were made with the identification of the genotype and they were 
placed inside (To prevent the cold from detaching the label during storage) of bags Ziploc (Figure 
1c). In each bag were deposited between 9 and 12 young leaves (depending on the leaf size of the 
hybrid or accession, as observed in Figure 1b) and stored in a portable refrigerator containing cold 
gels (Figure 1d). To prevent contamination, gloves were disinfected with ethanol (75%) and dried 
with paper towels. Finally, plant material was stored at -80 ° C. 
 
Figure 1. Plant tissue collection; a) Field list in Excel, b) Joung leave selection, c) Ziploc bags, 
and d) portable refrigerator containing cold gels.  
Lyophilization process 
Lyophilization process was carried out at CIAT's Genetic Resources laboratory following the next 
methodology:  
1. Stored samples were transported without breaking the cold chain, for this a portable 
refrigerator with cold gels was used. 
2. 18L LABCONCO FREEZONE lyophilizer was turned on 10 minutes before starting the 
procedure. 
3. Once the lyophilizer was ready to start, the sublimation chamber was opened by removing 
the beaker lid and samples were quickly placed (Figure 2a) 
4. In this case, being in Ziploc bags, these were placed inside the lyophilizer leaving the 
closure and mouth of the bag open, always checking that the identity of the material will 
be there. 
5. 24 bags were placed per sublimation chamber (of the 94 samples, half were placed in the 
two lyophilizers, see Figure 2b). 
6. The sublimation chamber was closed ensuring that the black gasket (Figure 2d) of the lid 
was completely surrounding the rim of the glass (Figure 2e). 
7. The vacuum was turned on by pressing the Vacuum button at the bottom of the freeze dryer 
led display (Figure 2f) making sure that the air release valve was closed. (Figure 2c) 
8. The samples remained for a period of 72 hours in the lyophilizer, at a temperature of -52 ° 
C and a pressure of 0.02 mbar. 
9. The lyophilization was completed, for this the reverse process was carried out to break the 
vacuum of the samples very carefully, pressing the Vacuum button again, turning off the 
vacuum and letting air in slowly opening the valve of air leak. (Otherwise, turbulence can 
be created causing the solid sample to come out of the package and become scattered on 
the walls of the chamber). 
10. It was disconnected from the chamber, the sample was removed and capped to prevent 
moisture ingress. 
11. Finally, the samples were stored in the laboratory at room temperature in vacuum-sealed 
bags with silica gel, to ensure that they did not rehydrate. 
 
 
Figure 2. Lyophilization process; a) Samples in ziploc bags open in sublimation chamber, b) 
Samples in the two freeze dryers, c) Air escape valve, d) Packing in sublimation chamber lid, e) 
Packing insert with sublimation chamber, f) Vacuum button to turn the vacuum on and/or off. 
Maceration process 
Maceration process was carried out at CIAT's Genetic Resources laboratory, following the 
procedure described below: 
1. Samples that had been lyophilized previously were taken and ordered according to the well 
they would occupy in the plate to be sent, guided by the alphanumeric grid that is drawn 
on the plate (Figure 3a). 
2. In a plastic container previously tared, pieces of the lyophilized material were cut (avoiding 
the rib, see Figure 3b) and weighed on an analytical balance until completing 10 mg. 
(Figure 3b). 
3. The 10 mg of tissue were placed in the corresponding well, for this, a Single/loose 1.1 ml 
Microtubues in 96-well microracks plate was used. 
4. Between each sample, the container was cleaned and disinfected to avoid cross-
contamination, with the help of a brush and paper towel and 96% ethanol. (Figure 3d and 
3e). 
5. We continued in order cutting and weighing the other materials, in such a way that when 
completing a column of 8 wells, 5 Zirconia pellets were placed (Figure 3g, 3f) and the 
wells were covered with a cluster of 8 bands (Figure 3h) (it is imperative to perform this 
procedure carefully to ensure that the materials remain inside the well since the tissues of 
Uroclhoa spp. Tend to come out of the wells by themselves through movements generated 
by static electricity). 
6. At the end of preparing the tissue within the 94 wells (since 2 are left empty according to 
DArT's specifications), it was checked that all the bands were correctly placed (With the 
fastener of each cover in the same direction). 
7. The lid was placed on the dish and the dish was moved to the Geno/Grinder shaker, placing 
another empty dish next to it to balance the equipment. (Figure 3i) 
8. The equipment was turned on so that the stirring mechanically macerated the samples with 
the help of the Zirconia pellets, for 3 minutes at 1750 RPM. 
9. Finally, the mashing process was finished (Figure 4j and 4k) and the dish was stored in a 
vacuum-sealed bag with silica gel in the laboratory at room temperature (Figure 4l). 
 
Imagen 4. Maceration process; a) Identified sample, b) Material cut in tared container, c) Weight of 
material on analytical balance, d) Cleaning of container with brush, e) Disinfection of container with 96% 
ethanol, f ) Zirconia pellets, g) Adding pellets in the wells, h) 8-band cluster lid, i) Geno / Grinder 
equipment dish, j) Macerated material, k) Ready to pack dish, and l) Dish stored with gel silica vacuum. 
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